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THE EFFECT OF ULTRAVIOLET RADIATION ANWD DI-1-P-MENTHENE ON THE PHYTOTOXICITY
OF 2,4-D APPLICATIONS -TO BLACK VALENTINE BEAN PLANTS

ez

W. Hurtt,l/ A. K. Templeton,g/ and R. M. Seel/

LR L

ABSTRACT

Studies were conducted to determine the relationships, if any, between
ultraviolet light, plant growth and plant response to di-l-p-menthene (a
dimer of B-pinene), the dimethylamine salt of (2,4-dichlorophenoxy)acetic
acid, and the combination of the latter two. Greenhouse-grown bean plants
(Phaseolus vulgaris L. cv. Black Valentine) were exposed for various time
periods to a mid-ultraviolet light source having a major emission peak at
254 nm. The energy level recorded at plant height was 350 ergs/cmé/sec.
Plants exposed to this light source for 1 hr had chlorotic, malformed leaves.
Plants exposed for longer periods (2 hr) had desiccated, discolored leaves,
while plants exposed for 3 hr died. An exposure time of 15 min was used as
the maximum safe dose for the subsequent studies in +' ch the plants were ex-
posed to the light source 30 min after application of the herbicide treat-
ments. Irradiation of the plants treated with 2,4-D did not result in a sig-
nificant reduction in herbicide efficacy. The addition of di-l-p-menthens to
the spray solution caused significant (P < 0.05) increases in the phytotoxi-
city of the herbicide, This was true irrespactive of whether the harbicide
application was followed by an exposure to ultraviolet light. The increass
in effectiveness of tha 2,4-D treatments from the addition ¢f the B-pinene
polymer appeared to be synergistic rather than additive.

SERsIbe R ot e S

INTRODUCTION

Previous investigations (13) establigshed that the phytotoxicity of 2,4-D
could be increased by combining the herbicide with di-l-p-menthene (8 spe-
cific formulation of PinoleneR containing dimersa?f Bepiness . marketed as Nu-
Film 17, but hereafter referrcd to as Pinolene).=" Pinolene is a nontoxic,
short-chain polymer which is derived from pine resins. When sprayed on the
leaf surface and exposed to light and air, this compound undergoes a slow
polymerization to form longer chain polymers (3)., It has been studied for
use as an antitranspirant (1,2) and has bean shown to effectively block sto-
matal openings. Albrigio (1) reported that the polymer forms a film on older
leaves but appears as droplets on younger leaves of crange trees. The drop-
let formation on the younger leaves was attributed to a low affinity of the

_polymer for the immature cuticle. Blazquez (5) has studied the ability of
‘Pinolene to prevent decomposition of ¢~ -baryl. The addition of 2inolenc to
the spray mixture was reported to inc.case the initial deposition of the in-
sacticide on tomato leaves and reduced the rate of decay on th. foliage.

1/ plant Physiologist and Blologist, Vegetation Control Divisiom, Fort
/,natrick, Frederick, MD 21701,

2 Biologist, FMC Corporation, Middleport, NY 14105,
EY Pistributed by Miller Chemical and Fevtilizer Corp., Hanover, PA 17331,
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Information supplied by the manufacturer (2) indicates that this reaction may
be photocatalyzed by ultraviolet radiation.

Ordinary window glass admits light in the visible spectrum but prevents
the entrance of radicrion below 390 nm. Consequently, plants grown in the
greenhouse receive liti'e, if any, ultraviolet radiation. 7Tt has been known
for some time that exposure to radiation of the ultraviolet wavelength may af-
fect biological systems and pesticides. Many common herbicides exhibit their
principal electronic absorption maxima in the ultraviolet region (200-400 nm)
(7) and photodecomposition by ultraviolet light has been shown to occur in a
number of pesticides (4,8,12) including 2,4-D (9. The latter was found to
decompose rapidi_ in the presencc of water and ultraviolet irradiation at a
wavalength of 254 nm.

Plant growth has also been found to be affected by ultraviolet radiation
(6,10,17,18). Dustin (11) noted a "bronzing" of green portions of apple
fruits exposed to ultraviolet irradiation. This response is similar to the
ultraviolet-induced destruction of chlorophy!l noted by other investigations
(15). Tranquillini (i6) reviewed the work of several investigators on the
growth of plants at high altitudes as affected by ultraviolet radiation. Sup-
plemantal ultraviolet radiation was found to adversely affect plants from low
altitudes and caused death in some species. The plants found at high alti-
tudes were registant to ultraviolet. Since Pinolene was reported to require
ultraviolet radiation for photopoiymerization (3), experiments were conducted
to determine the relationships, if any, between ultraviolet light, plant
growth and plant response to PFinolens, 2,4-D, and Pinolene plus 2,4-D combi-
nations.

MATERIALS AND METHODS

All plants used in these studies were prown from sesd sowm fn 0.95-1liter
plastic concainers filled with standard greenhouse soil. Plants were maiu-
tained {n the greenhouse where temperatures raunged from 21 to 25 C and rela-
tive humidity from 30 to 40%. All treatments were applied to plants 18 days
(Experinent 1) or 20 days (Experiment I1) after planting (14 or 16 days after
omgrgence, raspecti-ely).

Ultraviolet radiation was supplied by a bank of mercuti-liae chromato~
graphic lamps having a major emission peak of 254 mn (2540 A), However,

thase lamps also provide some near-ultraviolet light in the 300 to 400 om
region. PMotopolymerization of Pinolenc has been reported to occur at 285 to
290 nm (3), The spectrum of natural sunlight does not extend below the mid-
ultraviolet vegion at 286 nm (7). Consequently, the ulrraviolet lamp source
used in these experiments would be expected to supply radiation of the proper
wavelength for photovpolymerization of Pinolene and would also include particue
late waves of a higher frequency than i5 normally encountered by the plant un-
der natural condition. The light bank consisted of six Waestinghouse Steri-
lamps (G-15T8) suspended 1 m above the bench vop (40 co from plant tops). This
light source supplied 350 ergs per cm® per sac (0.35 ww per cml) of sactgy

40 cm above the bench top (plant height).
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In Experiment I, bean plants, with and without Pinolene, were exposed
for various time perzods (1, 2 and 3 hr) to the described lamps to determine
if ultraviolet radiation might adversely affect plant growth under the condi-
tions specified. Fach treatment consisted of two replications of two plants
per pot. All plants were examined dailv for visual cymptoms of injury. The
plants were harvested 7 days after treatment and fresh weights of cops were
recorded.

In Experiment II, plants were treated with Pinolene (9.35 L/ha; 1 gal/A),
2,4-D (0.056 kg ae/ha; 0.05 1b ae/A) and a combination of Pinolene and 2,4-D
(9 35 L/ha + 0.056 kg ae/ha). The formulation of 2,4-D contained an adjuvant
prior to the addition of the Pinclene additive. Treatmeuts were applied in a
ventilated spray chamber with a DeVilbiss No. 163 sprayer at 0.1 g/sq cm. The
total volume ~f aqueous spray was equivalent to 355 L/ha. All treated plants
were returned i the greenhouse after spray applications. The average time
for the droplets to visually dry on the surface of the leaves was 19 min. Ap-
proximately 30 min after treatment, one~half of each treatment group (seven
replications of one plant per pot) including controls was moved iu.o the room
containing tie ultraviolet light source and jrradiated ‘or 15 min. The plants
were then returned to the greenhousc and randomized on the bench with the non-
irradiated plants. Plant heights (distance from the cotyladonary node to the
terminal bud) were immedistely recorded for all plunts. Seven and 12 days
after treatment, plant heighte were again vecorded. After the final height
measurements on the twelfth day, the plants were harvested as in Experiment I
with fresh and dry weight determinations. Wa then obtained true grosmth {n
height over tho treatment peviwd for each plant by subtracting its height on
the day of treatmaut.

KESULTS AND DISLUSSTON

Undar the conditions speciiied, ultraviviet radiation was found to sige
nificantly inhibit growth of Rlack Valenttne bean plants (Figure 1). Symptoms
of plants expesad to 60 win of wltravivlet radiat{on were manifested as male
formad leaves with leaflots of unequal size aw! shape. There appeared to be
considerable destruction of chiccrophyll, puarticularly fn colls surrounding
the vascular tfssue., Tissue near the wveins was characterized by a light
copper coloration extending 5 mm on efthur side of thae wajor »eins., Iunter-
veinil tissue did not appear to be affocted in that it was normal in colora-
tion and appesrance. Since the interveinal tissue represents that part of
the lamina which {r laid down last in the ontogeny of the leaf, {t is poss-
tble that this tissue was not present at the time of treatment and hence re-
wmained vnaffectud. DPlants exposed to longer periods (120 wmin) had desiccated,
discolored leaves, while leaves of plants exposad for 180 m{n were dead and
overall plant prowth was sevemly rorarded (80% {nhibition of fresh weight
of tops, Figure 1).

sased on the results of Experiwant I, {t was concluded that long ex-
posutre of plants to this ultrvaviolet lamp system would be undesirable since
aay herbicidal effects on treated plants would be confounded by the deleter-
v offects of the ultraviolet radiation. Consequently, an exposure timo of
Soadn vy selectes v Lo mazises voge touse fot photopolwmerizdr.en ¢ the
Faoe e adieitive Luo e srree tniotiown.
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Figure 1. The effect of various exposure times af ultravioler radiation
{254 um) on groweh of Black Valentine bean plants. The radiation
leval wax 350 erg pur emd per sec at plant height.

‘As wo proviously demonstrated (13), the addition of Pinolene to un
aqueous formulation of the dimethylamine salt of 2,4+D increased the phyto-
Ctoxicity of the herbicide when {t was applied as 3 sublethal rate (Table 1).

© Application of 2,4-D alene caused o 16% inbhibition of growth {n height over
~the 12-day treatment peviod, but the cambinacion ot I,4-D and Pinolene causaed
an 83% inbibivion in growth, Thi. was an approximate five-fold i{ncrease in
pliytotoxicity which was stonificant at P< 0.05. Using the dry weight data
as o eritorion of comparative cffectchnes-, the addition &f Pinolene to the
spray solution cauvscd an approximate 407 incresse in dagree of gruwth sup-
prageion (20.2% vs 33.08). This increase way significant ag P £ 0. 1 but was
not significant at P < 0.05.

PRI % 2t b 2 d ity Lot s

In general, both nontreated and treated plaunts {rradiated for 15 win
with ultravioler light appeared smaller than these not expoved to the ultre-
violet light source. With one oxception the d{fferences in growth values in
Table )} between irradiated aud nonirrad{ated plants were not significant.
The signiffcant diffevence in inbibition in grewth due to exposure to ultra-
violot light occurred {n the height data for the plants treated with Pinolene
6lone. This anomaly, however, was not reflected by a corresponding signifi-
cany difference in dry weight. OGroath in height appeared to he a wore sen-
sitive criterion of ultraviolet light injury than did suppression of dry
weight production, although this does aot explain the apparent Pinolene-
vltravialet light interaction. 7<
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Tuble 1. Erfect o! pxesence or absence of supplemen;al ultraviolet light
(254 nm)_ on response of Black Valentine bean plants to 9.35 L/ha
of Pinolene, 0.056 ks ae/ha of 2,4-D and 2,4-D plus Pinnlene. Treat-
ments were foliarly-applied as aqueous sprays oquivalent to a total
volume of 355 L/ha.

No ultraviolet light Pl 1t {g‘ﬁe h
Treatments u Z/ et ligl us ultxaviclet light
Measurement< % Inhib. Measurement % Inhib,
12-Day growth in height (A cm)

Control 45.43 a 0 39.71 ab 0

Pinolene 45.64 a - 0.5 ‘ 35.71 b 10.1

Z’A’D 38.21 ab 15-9 38067 ab 2-6

2,4-D + Pinolene 7.86 ¢ 82.7 5.90 ¢ 85.2

Dry wt of tops (g)

Control 2.97 a 0 2.72 ab 0

Pinolene 2.85 ab 4.0 2.72 abc 0

2,4-D 2.37 abc 20.2 2.25 be 17.3

2,4=-D + Pinclene 1.99 ¢ 33.0 1.94 ¢ 28.7

“"ne-half of che plants were cxposed for 15 min at foliage level to 350 ergs/
cem?/sec of UV light folloving the chemical treatments. One-half of the controls
were similarly exposed to the UV light. The nonultraviolet plants were placed
in the greenhouse immediately following application of the chemical treatments.

=/vatlues are the means of seven replicates. Means followed by the same letters
are not significantly different at P < 0.05, as computed by 95% confidence
vimits (X + t, g5 ST).

As shown in Table 1, plants treated with 2,4-D alone and subsaquently
cuposed te ultravielet light grew within less than one-half centimeter as
wuch as the plante similarly treated but not irradiated (38.21 cm vs 38.67 cm).
cowever. the respective percent inhibitions in growth for these two treat-
ments suggest some loss in efficacy of 2,4-D attributable to ultraviolet
iight even though the diffcrences are not significant. This apparent differ-
ence {s a result of calculating these two percent inhibitions relative to
their respective controls. The lrradiated coatrol was inhibited ca 137 in
pro~ih when comparced to the nonirradiated control. Using tita dry weight data
in Table 1 to evaluate the cffect of ultraviolet light on the phytotoxicity of
the 2,4-U treatments, it can again be seen that there are no real differences
in efficacy. Similarly, the presonce or absence of ultraviolet light could
not be shown to affecct the plant's subsequent growth responses to the 2,4-D
+ Pinolenc combination. Both sets of percent inhibition values for growth
!n hefght and dry weight were In extremely close agreement, {.e., 82.77% vs
85.2% and 33,07 vs 28.77%. As was found with the nonirradiated group of
treatments, the addition of Pinolenc to the spray solution markedly increased
the phytotoxicity of the 2,4-b Lreatmants.

8<
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Since these data show no significant effect on plant response attribut-
able to ultraviolet light per se, it would appear that the photodegradation
of 2,4-D by ultraviolet radiation in the literature (9) may be somewhat over-
stated. Our failure to find a significant loss in the activity of 2,4-D due
to ultraviolet light is supported by the work of Penfound and Minyard (14)
who studied the effects of 2,4-D on plants grown in sunlight and shade. Al-
though they observed a veriable response of water hyacinth plants to phenoxy
herbicides attributed to sunlight, repetition of the experiment with potted
Red Kidney beans revealed that 2,4-D caused a similar plant response that was
independent of where the plants were grown, including darkness.

NP INFINE R TN S L

From these experiments it would appear that the potentiating effect of
Pinclene on plant responses to sublethal concentrations of 2,4~D does not re-
quire the formation of ultraviolet-mediated polymerized di-l-p-menthene. No
visual differences could be seen with a hand lens in the films and droplet
residues on the leaves between the irradiated and nonirradiated plants. Since
the 2,4-D formulation used in these studies contained a wetting agent, it
seews unlikely that Pinolene acted simply as another surfactant. If this were,
in fact, true, the increase in phytotoxicity should have been additive rather
than synergistic. Pinolene may have siwply acted as a sticker or extender,
retaining the 2,4-D on the leaf surface for a longer period of time in & semi-
siquiy form, thereby allowing more time for foliar absorption.
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